Ethanol-inducible cytochrome P450 2E1 (CYP2E1) contributes to increased oxidative stress and steatosis in chronic alcohol-exposure models. However, its role in binge ethanol-induced gut leakiness and hepatic injury is unclear. This study was aimed to investigate the role of CYP2E1 in binge alcohol-induced gut leakiness and the mechanisms of steatohepatitis. Female wild-type (WT) and Cyp2e1-null mice were treated with three doses of binge ethanol (WT-EtOH or Cyp2e1-null-EtOH) (6 g/kg oral gavage at 12-h intervals) or dextrose (negative control). Intestinal histology of only WT-EtOH exhibited epithelial alteration and blebbing of lamina propria while liver histology obtained at 6 h after the last ethanol dose showed elevated steatosis with scattered inflammatory foci. These were accompanied by increased levels of serum endotoxin, hepatic enterobacteria and triglycerides. All these changes including the intestinal histology and hepatic apoptosis, determined by TUNEL assay, were significantly reversed when WT-EtOH mice were treated with the specific inhibitor of CYP2E1 chlormethiazole and the antioxidant N-acetylcysteine, both of which suppressed the oxidative markers including intestinal CYP2E1. WT-EtOH also exhibited elevated amounts of serum TNF-α, hepatic cytokines, CYP2E1 and lipid peroxidation with decreased levels of mitochondrial superoxide dismutase and suppressed aldehyde dehydrogenase 2 activity. Increased hepatocyte apoptosis with elevated levels of proapoptotic proteins and decreased levels of active (phosphorylated) p-AKT, p-AMPK and peroxisome proliferator-activated receptor-alpha (PPAR-α), all of which are involved in fat metabolism and inflammation, were observed in WT-EtOH. These changes were significantly attenuated in the corresponding Cyp2e1-null-EtOH mice. These data indicate that both intestinal and hepatic CYP2E1 induced by binge alcohol seem critical in the binge alcohol-mediated increased nitroxidative stress, gut leakage, endotoxemia, and altered fat metabolism, and inflammation, contributing to hepatic apoptosis and steatohepatitis.
Introduction
Alcohol (ethanol)-induced liver disease (ALD) is one of the leading causes of morbidity and mortality from hepatic complications in the United States and the World [1, 2] . Alcoholic fatty liver disease (AFLD) is a condition characterized by simple fat accumulation (steatosis) which can advance to more severe liver disease such as steatohepatitis, fibrosis, cirrhosis, hepatocellular carcinoma and liver failure, especially in people who drink more than 60 g/day [3, 4] . The "two-hit" hypothesis described the pathophysiology of advancement of non-alcoholic fatty liver disease (NAFLD) to non-alcoholic steatohepatitis (NASH) and this hypothesis can be also applied to the advancement of AFLD to alcoholic steatohepatitis (ASH) [5] .
Steatosis (primary insult) may prime the liver to secondary insults to promote progression of AFLD to ASH. The secondary insults include reactive oxygen species (ROS), gut bacterial overgrowth and translocation, gut-derived endotoxins, pro-inflammatory cytokines, and dysregulation of innate immunity, all contributing to ASH development [6, 7] . ASH and NASH are associated with increased levels of ROS originated from cytochrome P450 2E1 (CYP2E1), NADPH oxidase, xanthine oxidase, the mitochondrial electron transport chain, etc [8] . CYP2E1, which exhibits increased expression and activity in the livers of humans and animal models of AFLD, is involved in the metabolism and oxidation of small molecule substrates such as ethanol, fatty acids and xenobiotics [9] . In fact, CYP2E1 is one of the key players by which alcohol generates ROS in liver and other tissues [8, 9] .
Although chronic alcohol consumption is the major cause of ALD, frequent and recurrent acute alcohol drinking (binge drinking) is also common and yet its potential injurious effects on the liver and the mechanism(s) involved remain elusive. The acute liver injury could result from increased gut leakiness, as demonstrated in human patients with alcoholic and nonalcoholic cirrhosis without chronic liver disease and in rats [10, 11] . Recently, using male mice and two different binge models, CYP2E1 was suggested to be essential for development of hepatic steatosis and increased oxidative stress [12, 13] . However, the role of intestinal CYP2E1 in ethanol-mediated gut leakiness, leading to hepatic inflammation, oxidative injury and apoptosis has not been fully understood.
Thus, the aims of this study were to evaluate: (1) Whether intestinal CYP2E1 is involved in enhancing gut leakiness, enterobacterial translocation to the liver and hepatic inflammation after binge alcohol exposure in wild-type (WT) or Cyp2e1-null mice; (2) whether hepatic CYP2E1 is important in promoting ASH and enhanced apoptosis through increasing oxidative stress; and (3) Whether endotoxemia and fatty liver observed in WT-EtOH can be ameliorated by treatment with an inhibitor of CYP2E1, chlormethiazole (CMZ), or an antioxidant, N-acetyl-cysteine (NAC).
Materials and methods

Animal treatment and histopathology analysis
Age-matched female Cyp2e1-null mice and the genetically corresponding WT mice on 129/ Svj background were randomly assigned to four groups and exposed to 3 doses of ethanol (6 g/kg oral gavage) or dextrose (control) at 12-h intervals (n=5/group): (1) WT-dextrose (WT-DEX); (2) WT-ethanol (WT-EtOH); (3) Cyp2e1-null-dextrose (Cyp2e1-null-DEX); and (4) Cyp2e1-null-ethanol (Cyp2e1-null-EtOH). Some WT mice (n=4/group) were pretreated with CMZ (50 mg/kg ip injection) 15-h before the first dose of ethanol and with 50 mg CMZ/kg immediately following each of the 3 ethanol doses. Another set of animals (n=3/group) were pretreated with NAC (100 mg/kg ip injection) 24-h before the first dose of ethanol and at 1-h before each administration of the 3 ethanol doses. At 1-h or 6-h following the last dose of ethanol or dextrose, blood, intestine, and liver tissues under strict sterile conditions were collected for further evaluations. These time points were selected, based on our several preliminary studies. Weight of each mouse was recorded before the start of ethanol exposure and at the time of euthanasia. Small liver and lower intestinal sections were subjected to H&E staining for histology examinations. All animal experiments were approved by the Institutional Animal Care and Use Committee.
Hepatic tissue extraction
Total liver homogenates were prepared in ice-cold extraction buffer (50 mM Tris-Cl, pH 7.5, 1 mM EDTA, and 1% CHAPS). Nuclear, mitochondrial, and cytosolic fractions were prepared by differential centrifugations and all extraction buffers were pre-equilibrated with nitrogen gas to remove the dissolved oxygen, as previously described [14, 15] Please refer to Supplementary Materials and Methods for all other methods.
Results
Evaluation of hepatic steatosis, inflammation, and injury
Livers of WT and Cyp2e1-null mice treated with dextrose (DEX) look grossly (not shown) and histologically normal, while the livers from WT-EtOH exhibited marked accumulation of micro-vesicular intracellular lipid droplets; livers from Cyp2e1-null-EtOH are histologically normal (Fig. 1) . The histological appearance of microvesicular fat (Fig. 1,  inset) was supported by the significantly higher levels of hepatic triglyceride (TG) in WTEtOH compared to all other groups. The TG levels were also slightly, but significantly, increased in Cyp2e1-null-EtOH compared to the corresponding control (Cyp2e1-null-DEX), but significantly attenuated compared to WT-EtOH (Fig. 1B) . Furthermore, the ratio of liver to body weight was significantly higher only in WT-EtOH compared to the WT-DEX control (Fig. 1C) . WT-EtOH group showed the highest plasma ALT activities but did not reach the significance levels (Fig. 1D) . A few scattered inflammatory foci were observed only in the WT-EtOH (Fig. 1A, dotted circle) . The inflammation score, which represents the number of neutrophils per 5 high-power fields (HPF) (40x), was significantly higher in WTEtOH compared to all other groups (Fig. 1E) .
Effects of binge ethanol on endotoxemia, hepatic enterobacterial contents, histopathological changes and markers of oxidative stress in small intestine
Endotoxin is an etiological factor in the development of ALD [11, 16] . Thus, we studied whether intestinal CYP2E1 plays an important role in promoting binge ethanol-induced endotoxemia by evaluating the levels of serum endotoxins and hepatic enterobacterial contents. Although serum endotoxin levels were higher in both WT-EtOH and Cyp2e1-nullEtOH than their respective corresponding controls, the endotoxin levels in WT-EtOH were significantly higher than the corresponding Cyp2e1-null-EtOH groups collected at both 1-h and 6-h post-ethanol administration ( Fig. 2A ). However, the highest level of endotoxin in WT-EtOH was observed at 1-h. We further examined the gut leakiness by indirectly measuring the enterobacterial contents in the liver by using the sheep blood agar plates [17] . The number of enterobacterial colonies in the fresh liver extracts from WT-EtOH was significantly higher than all other treatment groups (Figs. 2B and C), suggesting increased gut leakiness. Histopathological analysis (Fig. 2D ) revealed markedly increased epithelial loss (arrows) and blebbing (dotted circles) of the lamina propria of small intestine (ileum) villi in WT-EtOH mice compared to all other groups. These histological changes were ameliorated when WT-EtOH mice were pretreated with CMZ or NAC (Supplemental Figs. 1A-D). In addition, NAC pretreatment significantly blocked the markedly elevated CYP2E1 and iNOS, oxidative stress marker proteins, in the intestines of WT-EtOH (Fig. 2E) . To confirm the role of CYP2E1 in promoting oxidative stress, we determined the levels of 3-nitrotyrosine (3-NT), a foot print of peroxynitrite, as a marker of oxidative stress. Our results showed that binge ethanol markedly increased the levels of 3-NT in the intestines of WT mice compared to all other groups and that this increase was not observed in the ethanolexposed Cyp2e1-null mice or ameliorated by CMZ, which also prevented the elevation of iNOS (Supplemental Fig. 1E ). Consistent with the increased endotoxemia in alcohol-fed WT mice, serum TNF-α levels, determined by multiplex bead array assay, were significantly increased only in WT-EtOH compared to the corresponding control (Suppl. Fig. 2A ). Furthermore the hepatic mRNA levels of TNF-α, INFγ and plasminogen activator inhibitor-1 (PAI-1), involved in inflammatory processes, were significantly increased in WT-EtOH than those in the Cyp2e1-null-EtOH and their corresponding controls (Suppl.
Figs. 2B-D).
Effects of CMZ or NAC on binge ethanol-induced on gut leakiness, endotoxemia, hepatic steatosis, and CYP2E1 level
To further confirm the role of intestinal CYP2E1 and oxidative stress in promoting gut leakiness and endotoxemia, we studied the effects of CMZ or NAC treatment in our experiments. The elevated levels of serum endotoxin and hepatic enterobacterial contents in WT-EtOH mice were significantly decreased by CMZ treatment (Figs. 3A-C). CMZ treatment also reversed the elevated levels of hepatic steatosis ( 
Evaluation of oxidative stress markers
As expected, both CYP2E1 protein amount and activity were significantly increased only in the livers of WT-EtOH compared to all other groups (Figs. 5A and B) . The increase of hepatic CYP2E1 levels in WT-EtOH correlated with increased levels of lipid peroxidation, as evidenced by the significant increase in the levels of MDA+HAE in WT-EtOH (Fig. 5C ). We also evaluated the protein levels of mitochondrial superoxide dismutase (SOD2), an antioxidant protein, and the levels and activities of mitochondrial aldehyde dehydrogenase 2 (ALDH2), a low-Km enzyme which metabolizes both endogenous and exogenous aldehydes including lipid peroxides [18] . SOD2 was markedly decreased only in WT-EtOH (Fig. 5D) . While the protein levels of ALDH2 were similar among all groups (Fig. 5D ), the ALDH2 activity was significantly decreased in WT-EtOH compared to WT-DEX (Fig. 5E ). The decreased ALDH2 activity was completely restored when samples were pretreated with the reducing agent DTT (15 mM) (Fig. 5F ), indicating that ALDH2 was likely inhibited by increased oxidative stress [14, 15] . However, no significant decrease in ALDH2 activity was observed in Cyp2e1-null-EtOH (data not shown).
Evaluation of fat metabolism and apoptosis in WT and Cyp2e1-null mice
To determine whether apoptosis was increased in the EtOH-exposed mice, TUNEL assay was performed. TUNEL-positive hepatocytes were readily observed in WT-EtOH mice and were significantly higher in number than in all other groups (Figs. 6A and B), suggesting increased hepatocyte apoptosis. Further, the pro-apoptotic proteins BAX, BIM and Fas ligand were markedly increased only in WT-EtOH compared to WT-DEX (Fig. 6C) .
Inhibition of p-AKT was reported to cause fatty liver and apoptosis [19, 20] . Indeed, p-AKT was only markedly inhibited in WT-EtOH compared to WT-DEX (Suppl. Fig. 3A) . It is noteworthy to mention that the basal levels of some proteins are different between the WT and null mice, probably because of the different genotypes, as reported [21] . In addition, the levels of phosphorylated (active) p-AMPK [22] and peroxisome proliferator-activated receptor alpha (PPAR-α), involved in accelerating fat metabolism and inflammatory process [14] , were markedly decreased in WT-EtOH while increased in Cyp2e1-null-EtOH compared to their corresponding controls (Suppl. Figs. 3B and C) . Finally, both CMZ and NAC treatments ameliorated ethanol-induced hepatic apoptosis in WT mice at 6-h, as determined by TUNEL assays (Suppl. Figs. 4 and 5, respectively) .
Discussion
CYP2E1 was found to be essential in the development of NAFLD and its advancement to NASH [23, 24] and alcoholic hepatitis [25] mainly through oxidative stress and inflammation-mediated events [23, 24] . In addition, CYP2E1 was reported to promote the development of steatotic liver, but not necrosis, in mice exposed to ethanol up to 4 weeks [26] . However, the role of CYP2E1 in early stage of ALD is controversial with conflicting results in the prior studies. For example, CYP2E1 was suggested to be non-essential in early alcohol-induced liver injury in mice continuously infused with an alcohol diet containing high-corn oil (37% fat-derived energy) and low carbohydrate (5% energy) for 4 weeks [27] . In contrast, recent studies showed that CYP2E1 may be important in mediating alcoholinduced hepatic steatosis in: (1) male WT mice and a total dose of ~4.7 g ethanol/kg where the first dose of ethanol was administered via i.p. injection at 0.93 g/kg and the remaining three doses were applied by gavage at 1.25 g/kg [12] ; (2) male WT mice gavaged with 3 g/ kg ethanol twice a day for four days [13] ; and (3) CYP2E1-transgenic mice exposed to ethanol intragastrically for 4 weeks [28] . These reports suggest that CYP2E1-derived ROS leading to accumulation of hepatic lipid droplets in male mice [12, 13] . Thus, the current study sought to expand on the available information and evaluate: (1) the role of CYP2E1 in binge-alcohol induced intestinal and liver injury; (2) whether endotoxin and bacterial translocation could be involved in the development of AFLD/ASH and apoptosis; (3) whether NAC or CMZ could block intestinal and hepatic CYP2E1-mediated effects and thus prevent binge alcohol-induced gut leakiness, endotoxemia and hepatic injury, respectively, and (4) whether female WT and Cyp2e1-null mice are differentially affected from a more stringent exposure protocol of three doses of EtOH (6 g/kg each) at 12-h intervals.
In this study, female mice were used since it is essential to also evaluate female response to binge alcohol and that females are more susceptible to the damaging effect of alcohol than their male counterparts [29] . The WT-EtOH group developed hepatic steatosis as evidenced by histology, significant increases in the ratio of liver to body weights, TG levels and serum endotoxin as well as hepatic levels of enterobacteria compared to those of WT-DEX group. In contrast, alcohol binge caused only very small increase in liver TG in Cyp2e1-null mice. Neutrophil infiltration and inflammatory foci were also prominent only in WT-EtOH mice among all groups, while plasma ALT levels also exhibited a tendency to be higher in the WT-EtOH group compared to other groups although no significant levels were achieved. Thus, the first hit (i.e., steatosis) of the two-hit theory for ASH development appears to require CYP2E1 since marked steatosis with inflammation possibly via infiltrated neutrophils occur only in WT-EtOH mice but not in Cyp2e1-null-EtOH mice.
Intestine-derived endotoxins were reported to promote ALD, including binge model associated with fatty liver [30, 31] . Disruption of intestinal barrier function and endotoxemia are common features associated with alcohol-mediated liver inflammation and injury [10, 11, 16] , although some alcoholics do not show clinical signs of intestinal injury possibly due to low levels of alcohol, inter-individual genetic differences, etc (Keshavarzian, personal communications). Furthermore, elevated CYP2E1 was found to prime hepatocytes to lipopolysaccharide and TNF-α via increased oxidative stress [32, 33] . These studies suggested that alcohol seems to activate macrophages for more severe liver injury, which is also supported by the increased hepatic pro-inflammatory factors observed in this study. However, the role of intestinal CYP2E1 in gut leakiness in in vivo models is unknown, despite many reports about alcohol-induced gut leakiness [11, 31, [34] [35] [36] . The present data showed that intestinal CYP2E1 and oxidative stress seem essential to the gut leakiness, as evidenced by significantly elevated levels of serum endotoxin, prominent histological changes in the small intestine and enterobacterial contents only in the liver from WT-EtOH but not in alcohol-exposed Cyp2e1-null mice (Figs. 2-4) . Both iNOS and CYP2E1 were reported to increase permeability in intestinal Caco-2 cells and rat intestine via nitroxidative stress-mediated events and that inhibition of CYP2E1 using a specific siRNA or specific inhibitors of iNOS ameliorated intestinal leakiness [34] [35] [36] . Consistently with these reports [34] [35] [36] , we observed that both intestine epithelial CYP2E1 and iNOS are markedly elevated only in WT-EtOH mice and that NAC treatment abolished these increases and serum endotoxin levels, indicating a critical role of nitroxidative stress in gut leakiness (Figs. 2 and  4 ). In addition, CMZ, which suppressed the hepatic CYP2E1 activity, prevented the elevated levels of serum endotoxin and hepatic enterobacteria and triglyceride observed in WT-EtOH mice (Fig. 3) . Furthermore, CMZ ameliorated both the elevated levels of intestinal iNOS and the peroxynitrite marker 3-NT, which is known to reflect modified protein structures with increased susceptibility to protein degradation, as reported [37, 38 and references within] . It is noteworthy to mention that our data doesn't totally exclude the induction of iNOS since the levels of protein nitration were slightly increased in Cyp2e1-null mice following binge alcohol exposure. We believe that these changes could be easily detected with longer film exposure during immunoblot analysis and with greater amounts of protein loading. However, our results simple indicate greater elevation of iNOS and 3-NT levels in the WT-EtOH than that in the corresponding Cyp2e1-null mice. Taken together, intestinal CYP2E1, induced by alcohol exposure possibly through protein stabilization [36, 39, 40] , plays a central role in promoting binge alcohol-induced nitroxidative stress, gut leakiness and bacterial translocation, contributing to elevated levels of serum endotoxin and hepatic cytokines, which prime the liver to more severe injury through oxidative stress-mediated events [11, 30, 31] . Increased hepatic cytokine levels were also implicated in the development of hepatic steatosis, as recently reported in an acute binge ethanol model [41] . Thus, it is likely that increased nitroxidative stress, via elevated levels of intestinal CYP2E1 and iNOS following binge alcohol exposure, would modify critical intestinal proteins, resulting in their inactivation and apoptosis, ultimately contributing to gut leakiness. The molecular mechanisms and the potential alteration of intestinal proteins including tight junction proteins are currently under investigation.
A second hit, namely oxidative stress and/or inflammation, can also increase the severity of steatotic liver [5, 23] . Oxidation of unsaturated fatty acids produces increased lipid peroxidation products that ultimately lead to liver fibrosis through activating stellate cells [25] . Furthermore, hepatic CYP2E1 protein levels and activity have been reported to increase in cultured cells and mice exposed to ethanol [9, 26] . CYP2E1 is known to increase ROS/RNS levels which may modify the function of various proteins, contributing to more severe liver damage [8, 9, 18, 23] . Both binge and chronic ethanol administration were shown to inhibit the activity of mitochondrial ALDH2, which plays an essential role in metabolizing various aldehydes, through oxidative modification of Cys residues including its catalytic site [18, 42] . Consistent with this view, lipid peroxidation levels were highest in WT-EtOH mice. This increase was accompanied by activated CYP2E1 with suppressed levels of the anti-oxidant SOD2 and ALDH2, which may promote increased levels of superoxide levels and lipid peroxides, respectively. Thus, increased CYP2E1 with suppressed SOD2 and ALDH2 in the current model also appears to prime the liver to more severe liver injury, through oxidative stress development (another potential second hit) of the two-hit theory, as discussed [23 and references within].
Binge ethanol was shown to induce hepatocyte apoptosis [43] . Thus, we evaluated whether CYP2E1 is involved in alcohol-induced hepatocyte apoptosis. The results suggest an important role for CYP2E1 in this process. Hepatocyte apoptosis, Fas-ligand, which was reported to be a main mediator of binge ethanol induced apoptosis [43] , and the proapoptotic proteins including Bax were markedly elevated in WT-EtOH mice compared to Cyp2e1-null-EtOH mice (Fig. 6) . Collectively, these data suggests that both intestinal and hepatic CYP2E1 are key enzymes mediating a series of injurious cascades starting from gut leakage to the induction of enterobacterial translocation to the liver, contributing to the development of higher levels of steatosis, inflammation, oxidative stress, and ending with increased hepatocyte death (apoptosis) in this binge-alcohol model.
We further evaluated additional mechanisms that make liver resistant to steatotic and injurious effects of acute alcohol binge in Cyp2e1-null mice. Therefore, we also evaluated a very-well established mediators of increasing fatty acid metabolism PPAR-α and p-AMPK. Interestingly, there was a paradoxical effect of binge ethanol where the levels of both PPAR-α and active p-AMPK were decreased in WT-EtOH while they were increased in Cyp2e1-null-EtOH compared to their respective controls (Supplemental Fig. 3 ). Further investigation is warranted to determine the mechanisms for the paradoxical effect.
AKT was also reported to prevent fatty liver in a NASH model [19] . Indeed, AKT was markedly inhibited only in the WT-EtOH group, thus suggesting that the Akt pathway, which represents a survival pathway, may play a role in regulating the development of steatosis and apoptosis, respectively, in the WT-EtOH group. It is noteworthy to point out the different basal levels of some proteins including p-AKT (Supplemental Fig. 3A ) in WT and Cyp2e1-null mice. CYP2E1 is involved in the metabolism of many small molecules and is known to induce oxidative stress [8, 9] . CYP2E1 elimination likely alters physiological status accompanied by changes in the expressed levels of various proteins that might be affected directly or indirectly by CYP2E1. It may represent a complex process for the host to adapt to genetic and/or environmental changes. However, it is difficult to dissect the exact reason why the basal levels of certain proteins are different. Taken together, the inhibition of PPAR-α, p-AKT and p-AMPK observed only in WT-EtOH mice seems to play, at least, a partial role in promoting CYP2E1-mediated steatohepatitis and apoptosis in the binge ethanol model. Another possible explanation for steatosis could result from the potential inhibition of autophagy by binge ethanol, as suggested [12, 13] . In contrast, another study of using binge alcohol model reported increased autophagy [44] , suggesting the need for further study on the temporal effects of binge ethanol on autophagy.
In summary, this study showed that intestinal and hepatic CYP2E1, induced by binge alcohol exposure, play an important role in promoting oxidative stress, gut leakiness, and endotoxemia, all of which could be blunted by a specific CYP2E1 inhibitor CMZ or an antioxidant NAC. The elevated levels of serum endotoxin, hepatic contents of enterobacteria, and cytokines with the suppressed survival signaling pathway, can negatively affect the vital functions of the hepatocytes and ultimately contribute to the development of inflammatory ASH and hepatic apoptosis (Fig. 7) following binge alcohol exposure.
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Highlights
►
Binge alcohol increased intestinal CYP2E1 and inducible nitric oxide synthase in WT mice but not in Cyp2e1-null mice.
► Binge alcohol promoted increased gut leakiness, contributing to systemic endotoxemia and more severe liver injury.
► Chlormethizone (CMZ), a specific inhibitor of CYP2E1, suppressed binge alcohol-mediated increases in CYP2E1 level, gut leakiness, and hepatic apoptosis.
► N-acetyl-cysteine (NAC), an anti-oxidant, prevented binge alcohol-induced gut leakiness and hepatic apoptosis in WT mice.
These results strongly indicate a critical role of CYP2E1 in binge alcoholinduced gut leakiness, hepatic steatosis and apoptosis. Equal amounts of cytosolic proteins were used to determine: (A) CYP2E1 protein levels (top) and β-actin (bottom); (B) CYP2E1 activity; and (C) hepatic MDA+HAE. Equal amounts of mitochondrial lysates were used to determine the levels of: (D) SOD2 (top), ALDH2 (middle), and ATP-synthase (bottom) as a loading control; (E and F) ALDH2 activity ± pretreatment with 15 mM DTT for 30 min. Data are expressed as mean ± SEM (n=5/group). *Significantly different from all other groups. The first and second hits for the development of steatohepatitis are presented. Intestinal and hepatic CYP2E1 seem to play a central role in promoting oxidative stress, gut leakiness, and endotoxemia, thereby contributing to the development of hepatic steatosis, inflammation and apoptosis.
